Abstract: Background and aims: We sought to clarify the relationship between virtual touch quantification (VTQ) in acoustic radiation force impulse and skeletal muscle mass as assessed by bio-electronic impedance analysis in patients with chronic liver diseases (CLDs, n = 468, 222 males and 246 females, median age = 62 years). Patients and methods: Decreased skeletal muscle index (D-SMI) was defined as skeletal muscle index (SMI) <7.0 kg/m 2 for males and as SMI <5.7 kg/m 2 for females, according to the recommendations in current Japanese guidelines. We examined the correlation between SMI and VTQ levels and investigated factors linked to D-SMI in the univariate and multivariate analyses. The area under the receiver operating curve (AUROC) for the presence of D-SMI was also calculated. Results: In patients with D-SMI, the median VTQ level was 1.64 meters/second (m/s) (range, 0.93-4.32 m/s), while in patients without D-SMI, the median VTQ level was 1.11 m/s (range, 0.67-4.09 m/s) (p < 0.0001). In the multivariate analysis, higher VTQ was found to be an independent predictor linked to the presence of D-SMI (p < 0.0001). In receiver operating characteristic analysis, body mass index had the highest AUROC (0.805), followed by age (0.721) and VTQ (0.706). Conclusion: VTQ levels can be useful for predicting D-SMI in patients with CLDs.
Introduction
The severity of liver fibrosis in patients with chronic liver diseases (CLDs) is the major determinant of long-term clinical outcomes, driving both the development of liver-related complications and mortality [1] [2] [3] [4] . Thus, evaluating the degree of liver fibrosis correctly plays a pivotal role for the control of disease progression and for creating treatment strategies and evaluating the prognosis for CLD patients [5, 6] . High diagnostic accuracy, easy accessibility, and the possibility for follow-up examinations can lead to the implementation of non-invasive diagnostic methods into daily clinical practice.
Acoustic radiation force impulse (ARFI), which is a technology designed to measure shear wave-front at multiple sites to estimate tissue stiffness, is a novel ultrasound-based radiological Nutrients 2017, 9, 620 2 of 11 technique for non-invasively assessing the degree of tissue stiffness [7] [8] [9] [10] . This modality can evaluate the degree of liver fibrosis easily and accurately in the clinical settings [10, 11] . ARFI elastography has two modes which involve qualitative response and quantitative response for virtual touch quantification (VTQ), and it measures transverse shear wave velocity values in meters/second (m/s). The shear wave velocity reflects tissue stiffness through a simple method: the stiffer the tissue, the higher shear wave velocity [7] [8] [9] [10] [11] . A recent meta-analysis demonstrated that ARFI elastography was a good method for evaluating the degree of liver fibrosis and had similar predictive value to transient elastography for significant fibrosis and liver cirrhosis (LC) [12] . Another recent study reported that spleen stiffness measured by ARFI imaging can predict clinical outcomes for LC patients with high accuracy [13] . On the other hand, several serum liver fibrosis markers for predicting the degree of liver fibrosis have been proposed and validated as well as radiological modalities for assessing liver fibrosis [12, [14] [15] [16] . Of these, FIB-4 index and aspartate aminotransferase (AST) to platelet ratio index (APRI) have been the most widely utilized liver fibrosis markers in CLD patients [16] [17] [18] [19] [20] [21] .
On the other hand, skeletal muscle is regarded as having a role in maintaining energy metabolism and nutritional status, and the depletion of skeletal muscle mass may be a considerable impairment circumstance [22] [23] [24] [25] . Skeletal muscle mass loss can be affected by aging, while LC is occasionally associated with this muscular disorder [22, 23] . In our previous investigation, the percentage of skeletal muscle mass loss as determined by bio-electronic impedance analysis (BIA) in LC subjects was significantly higher than that in subjects with chronic hepatitis without LC [26] . Other studies have claimed the significant role of muscle mass assessment in LC patients as a helpful marker for reflecting malnutrition and liver function and for predicting clinical outcomes [26] [27] [28] [29] [30] . Recently, sarcopenic obesity, which is the coexistence of sarcopenia as defined by low muscle mass and muscle strength and obesity, has been treated with much caution due to its close linkage to clinical outcomes in CLD patients [31, 32] .
Considering these reports, the speculation that liver fibrosis marker level is associated with the development of skeletal muscle loss in patients with CLDs may be true. Several reports showing that the proportion of decreased skeletal muscle mass (D-SMI) demonstrated a linear increment with liver fibrosis progression in non-alcoholic fatty liver disease (NAFLD) or non-alcoholic steatohepatitis (NASH) patients support our hypothesis [33] [34] [35] . However, an extensive literature search has not shown the relationship between skeletal muscle mass and the liver fibrosis markers in CLD patients, and these clinical questions should be fully addressed. In this study, we sought to clarify the relationship between radiological or serum liver fibrosis markers (VTQ, FIB-4 index, APRI, and platelet count) and skeletal muscle mass, as well as to investigate factors linked to the decrease in skeletal muscle mass in CLD patients.
Patients and Methods

Patients
In this retrospective study, we analyzed 549 patients with CLD who were admitted to the Division of Hepatobiliary and Pancreatic disease, Department of Internal Medicine, Hyogo College of Medicine, Hyogo, Japan between October 2008 and May 2014, and were assessed using BIA to diagnose decreased skeletal muscle mass. All CLD patients who agreed to nutritional evaluation were included. Next, patients without data for VTQ (n = 48), those with advanced malignancies which potentially affect the development of muscle mass loss (n = 16), and those with severe ascites (n = 17) were excluded. Patients with severe ascites were excluded because body weight and body mass index (BMI) may be overestimated in these patients, and skeletal muscle index (SMI) may also be overestimated by BIA [26] . Several edematous patients with advanced cirrhosis (Child-Pugh B or C), hypoalbuminemia, and severe ascites were thus excluded from the current analysis. A total of 468 CLD patients were therefore analyzed. In this study, 447 patients underwent liver biopsy. For patients without liver biopsy data (n = 21), LC was determined by radiological findings such as deformity of the liver surface and Nutrients 2017, 9, 620 3 of 11 presence of varices. We assessed skeletal muscle mass by employing SMI using BIA at baseline. SMI indicates appendicular skeletal muscle mass divided by height squared (cm 2 /m 2 ). D-SMI was defined as SMI <7.0 kg/m 2 for males and as SMI <5.7 kg/m 2 for females, according to the recommendations in current Japanese guidelines [26] . We examined the correlation between SMI and liver fibrosis markers (VTQ, FIB-4 index, APRI, and platelet count) and investigated factors linked to D-SMI in the univariate and multivariate analyses.
APRI score was calculated as reported elsewhere: AST level/upper limit of normal level for AST/platelet count (×10 9 /L) × 100 [17] [18] [19] [20] . The FIB-4 index was calculated as reported elsewhere: [19] [20] [21] . Our protocols for liver biopsy were detailed in our previous study, and the degrees of liver fibrosis and inflammation were determined as reported elsewhere [36] . The ethics committee meeting of Hyogo college of medicine acknowledged this study protocol (approval number: 2117, approval date: 1 March 2016). And our study protocol conformed to all of the regulations of the Declaration of Helsinki.
Measurement for VTQ
We have routinely used a Siemens ACUSON S2000/3000 (Mochida Siemens Medical Systems, Tokyo, Japan) for VTQ measurement. The method for VTQ measurement by ARFI was conducted as reported elsewhere [10] . Briefly, using intercostal approach by one experienced sonologist, the examination for VTQ measurement was performed on the right lobe of the liver with a measurement depth of 2-3 cm below the liver surface. When successful acquisitions for VTQ data six times at different sites in the liver were obtained on each subject, the median value of these was calculated and data were presented in m/s [10] .
Statistical Analysis
For quantitative parameters, the statistical analysis between groups was performed using Student's t test, Mann-Whitney U-test, Kruskal-Wallis test, Fisher's exact test, or Spearman's rank correlation coefficient r s as appropriate. Parameters with p value < 0.05 in the univariate analysis were entered into the multivariate analysis utilizing the logistic regression analysis. In the multivariate analyses, significant variables in the univariate analyses were changed to dichotomous covariates using each median value. Receiver operating characteristic curve (ROC) analysis for the presence of D-SMI was performed for calculating the area under the ROC (AUROC) in baseline quantitative variables. p values of less than 0.05 were considered to suggest significance. Data are presented as median values (range) unless otherwise mentioned. Statistical analysis was performed with the JMP 11 (SAS Institute Inc., Cary, NC, USA).
Results
Baseline Characteristics
The baseline characteristics of the analyzed subjects (n = 468) are shown in Table 1 branched-chain amino acid to tyrosine ratio; VTQ: virtual touch quantification; APRI: AST to platelet ratio index; NT: not tested. 
VTQ Level according to The Degree of Liver Fibrosis
For the entire cohort (excluding 21 patients with missing data for liver histology, n = 447), the stepwise increase of VTQ level was found according to the severity of liver fibrosis (overall significance, p < 0.0001). (Figure 2A ) Similarly, for patients with HCV (excluding patients with missing data for liver histology, n = 246), the stepwise increase of VTQ level was also found according to the severity of liver fibrosis (overall significance, p < 0.0001) ( Figure 2B ). 
For the entire cohort (excluding 21 patients with missing data for liver histology, n = 447), the stepwise increase of VTQ level was found according to the severity of liver fibrosis (overall significance, p < 0.0001). (Figure 2A ) Similarly, for patients with HCV (excluding patients with missing data for liver histology, n = 246), the stepwise increase of VTQ level was also found according to the severity of liver fibrosis (overall significance, p < 0.0001) ( Figure 2B ). significance, p < 0.0001). (Figure 2A 
VTQ Level in Patients with and without D-SMI
In patients with D-SMI, the median VTQ level was 1. 
VTQ Level according to LC Status
In patients with LC, the median VTQ level was 2.18 m/s (range, 0.73-4.32 m/s), while in patients without LC, the median VTQ level was 1.11 m/s (range, 0.67-3.67 m/s) (p < 0.0001) ( Figure 3B ). with missing data for liver histology, n = 447). The stepwise increase of VTQ level was found according to the severity of liver fibrosis (overall significance, p < 0.0001); (B) VTQ level according to liver fibrosis stage for patients with hepatitis C virus (HCV) (excluding patients with missing data for liver histology, n = 246). The stepwise increase of VTQ level was found according to the severity of liver fibrosis (overall significance, p < 0.0001).
VTQ Level in Patients with and without D-SMI
In patients with D-SMI, the median VTQ level was 1.64 m/s (range, 0.93-4.32 m/s), while in patients without D-SMI, the median VTQ level was 1.11 m/s (range, 0.67-4.09 m/s) (p < 0.0001) ( Figure 3A ).
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VTQ Level according to LC Status
In patients with LC, the median VTQ level was 2.18 m/s (range, 0.73-4.32 m/s), while in patients without LC, the median VTQ level was 1.11 m/s (range, 0.67-3.67 m/s) (p < 0.0001) ( Figure 3B ). 
In patients with LC, the median VTQ level was 2.18 m/s (range, 0.73-4.32 m/s), while in patients without LC, the median VTQ level was 1.11 m/s (range, 0.67-3.67 m/s) (p < 0.0001) ( Figure 3B ).
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ROC Analysis for the Presence of D-SMI
Results for ROC analyses (AUROC, optimal cutoff point, sensitivity, and specificity) for the presence of D-SMI are presented in Table 2 . BMI had the highest AUROC (0.805), followed by age (AUROC = 0.721), VTQ (AUROC = 0.706), and serum albumin (AUROC = 0.698). 
Relationship between VTQ and Baseline Variables
Age (r s = 0.4418, p < 0.0001), AST (r s = 0.3315, p < 0.0001), total bilirubin (r s = 0.1994, p < 0.0001), serum ammonia (r s = 0.3191, P < 0.0001), FIB-4 index (r s = 0.2122, p = 0.0001), and APRI (r s = 0.6011, p < 0.0001) had significantly positive correlations with VTQ level. SMI in males (r s = −0.4276, p < 0.0001), SMI in females (r s = −0.2384, p = 0.0002), serum albumin (r s = −0.5538, p < 0.0001), prothrombin time (r s = −0.5504, p < 0.0001), platelet count (r s = −0.6152, p < 0.0001), total cholesterol (r s = −0.3941, p < 0.0001), triglyceride (r s = −0.2075, p < 0.0001), and branched-chain amino acid to tyrosine ratio (BTR) (r s = −0.6061, p < 0.0001) had significant inverse correlations with VTQ level (Table 3) .
Univariate and Multivariate Analyses of Factors Contributing to The Presence of D-SMI
Significant variables linked to the presence of D-SMI in the univariate analyses are: age (p < 0.0001); BMI (p < 0.0001); serum albumin (p < 0.0001); platelet count (p = 0.0044); BTR (p = 0.0219); VTQ (p < 0.0001); FIB-4 index (p < 0.0001); and APRI (p = 0.0204) ( Table 4 ). The odds ratios (ORs) and 95% confidence intervals calculated by using multivariate analysis for the eight significant parameters (p < 0.05) in the univariate analysis are presented in Table 5 . BMI (p < 0.0001), age (p < 0.0001), serum albumin (p < 0.0001), BTR (p = 0.0031), VTQ (p < 0.0001), and FIB-4 index (p = 0.0425) were found to be independent predictors associated with the presence of D-SMI (Table 5) . 
Discussion and Conclusions
Radiological and serum liver fibrosis markers are useful markers and have been preferably used in the clinical settings for their non-invasiveness and easy availability [7] [8] [9] [10] [11] 13] . Indeed, the stepwise increase of VTQ level according to the severity of liver fibrosis was found in our data. However, there have been no available data for the relationship between skeletal muscle mass and VTQ level in CLD patients. Because skeletal muscle mass in CLDs has been drawing much caution due to its prognostic significance, addressing this problem may be clinically essential [23, 26, [28] [29] [30] . We therefore conducted the current analysis. To the best of our knowledge, this is the first report linking skeletal muscle loss with liver damage in CLDs in a Japanese population using data for VTQ.
In our results, a significant inverse correlation between SMI and VTQ level in both males and females, and a significant difference of VTQ level between patients with and without D-SMI were found. Additionally, AUROC of VTQ for D-SMI was 0.706, and higher VTQ levels were revealed to be significantly associated with the development of D-SMI in the multivariate analysis (p < 0.0001). These results denote that VTQ level can be helpful for not only assessing the degree of liver fibrosis, but also for predicting D-SMI. A recent Korean study (n = 309) demonstrated that significant stratification was found in terms of the proportion of sarcopenia as evaluated by the appendicular skeletal muscle mass divided by body weight among subjects with normal livers, those with NAFLD, and those with NASH, which were in line with our current data [35] .
Although LC-related muscle mass loss is defined as secondary sarcopenia as well as chronic inflammatory diseases and advanced malignancies, aging can cause D-SMI in CLDs at least in part [24, 26] . The significant positive correlation between age and VTQ level (r s = 0.4418, p < 0.0001) may be associated with our current results. The fact that FIB-4 index includes age may also well explain the statistical significance of FIB-4 index for predicting D-SMI in the multivariate analysis. As a greater number of Japanese CLD patients have been aging in recent years, this is a critical problem.
BTR had the second strongest correlation with VTQ level (r s = −0.6061) and was revealed to be an independent predictor for the development of D-SMI (p = 0.0031). The liver is a central organ for the metabolism of three major classes of molecules: fats, proteins, and carbohydrates [37, 38] . Deterioration in liver functional reserve can be accompanied by numerous nutritional disorders, and BTR reflects the nutritional state [39, 40] . Poor nutritional status can cause muscle mass depletion. Branched-chain amino acid granules are promising for ameliorating muscle mass depletion [28] . In a sense, VTQ level may be helpful for assessing nutritional state in CLD patients. It is also of note that VTQ level had significant positive correlation with serum ammonia level (r s = 0.3191, p < 0.0001). Elevated serum ammonia levels lead to the suppression of protein synthesis in the muscle [6, 23, 26] .
In our results, lower BMI had strong impact on D-SMI, while in the Korean national study with large NAFLD cohort (n = 2761), the proportion of sarcopenia using dual-energy X-ray absorptiometry was prominent in obese patients [34] . The average BMIs in our study and their study were 22.8 kg/m 2 Nutrients 2017, 9, 620 9 of 11 and 25.8 kg/m 2 , respectively. In our cohort, 109 patients (23.3%) had BMI >25 kg/m 2 and only five patients (1.1%) had BMI >35 kg/m 2 . The distribution of BMI in baseline characteristics between these studies may lead to such different results. The incidence of sarcopenic obesity has been increasing and the relation between muscle mass and BMI should be further examined in future studies [31, 32] .
We acknowledge several weak points to our study. First, this is a retrospective single center Japanese study. Thus, whether our data can be applied to other ethnic backgrounds remains unclear. Second, in this cross-sectional study, we are unable to interpret any causal relationship; in other words, an in-depth mechanism for the independent association between D-SMI and liver fibrosis was not clarified in our study. Third, liver biopsy has a significant limitation for sampling errors in evaluating the severity of liver fibrosis. Finally, patients with severe ascites who are expected to have D-SMI with higher rates were excluded from our analysis, potentially leading to bias. Caution should therefore be exercised when interpreting our results. However, our current results presented that VTQ can be useful for predicting D-SMI in CLD patients. In our previous investigation, we reported that a predictive model involving VTQ level is promising for assessing the risk of liver carcinogenesis [10] . Thus, we anticipate that VTQ involves various clinical significances for CLD patients.
In conclusion, VTQ level can provide useful insights for predicting D-SMI in patients with CLDs.
